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Summary

When identifying two masked targets presented in rapid succession, awareness
of the second may be reduced when it is presented between 100 and 400 ms after the
first. This phenomenon has been termed the attentional blink (AB). A wealth of
knowledge has been collected regarding performance when both targets are presented
visually; however, evidence concerning an auditory analogue has been scarce. Nine
experiments presented here demonstrate that the auditory attentional blink (AAB)
shares some commonalities with but also has some differences from the visual
attentional blink (VAB). Two experiments examined cross-modal dual-task
interactions and provide only equivocal evidence for a cross-modal AB.

All eleven experiments demonstrated the influence of non-target (distractor)
items upon target detection. It was shown that presenting targets within an ordered
distractor sequence was an important pre-requisite for the AAB. In addition, the level
of exposure to the distractor sequence before the presentation of the first target (T1)
moderated target identification. Increasing practice (incorporating target and
distractors) also attenuates the magnitude of the AAB. In a similar vein, targets of a
different stimulus set to that of the distractors also attenuate the AAB. Unlike the
VAB, introducing a switch in stimulus set between targets increased performance at
early SOAs.

For the VAB, very little consideration has been given to items occurring
before T1, and the pre-eminent masking role of the +1 item is reflected in all
theoretical explanations of the VAB. However, the AAB may rely on items occurring
before as well as after the targets. It is well established that the nature of the auditory
scene provided by the distractors may change the way that targets are defined and
processed. Thus, processing restrictions demonstrated by the AAB may not arise
specifically from masking but due to the demands of target extraction from ordered
perceptual streams.
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Chapter 1

General introduction
1.1 What is attention?

No single detailed or uncontroversial definition of attention is available; some
even argue there is a tendency actively to avoid definition (Styles, 1997). A possible
reason lies in the paradoxical nature of the attentional system itself. James (1890)
stated, “Everyone knows what attention is” (p.381), but untangling what attention is
from the fluid process of consciousness is more difficult. Used freely throughout the
English-speaking world, the term ‘attention’ usually refers to an internal control to
focus, i.e. “pay attention”, suggesting that we, as humans, are able to select what
information we process. Such an ability to choose would suggest there is a limit to the
amount of information that can be processed at any one time. These two concepts of
selection and capacity limitations have been the building blocks for the development
of ideas concerning definitions of attention as well as questions about how attention
operates.

Selection and capacity limitations have been described as two sides of the same
‘attentional’ coin (Pashler, 1999). Selection, the process of extracting an item of
interest from a field of potential stimuli and elevating it to a conscious representation,
is a seemingly undeniable factor of human consciousness (Pashler, 1999). The notion
of capacity limitations is supported by findings of performance changes in
circumstances when more than one task is completed concurrently. Some tasks can be
carried out easily one at a time but when attempted simultaneously pose great
difficulties. These difficulties can arise due to competition for sensory or processing
resources and response selection (Pashler, 1999).

The ability to detect and react to threatening events is an evolutionary
necessity. It is well established that the nervous system will automatically orientate
processing resources towards threatening events (Ohman, Flykt & Esteves, 2001).

This orienting response relies on automatic scanning and analysis of the perceptual



field, irrespective of the focus of conscious attention (Pashler, 1998; Treisman, 1988).
This preattentive process is considered to be fast and automatic, and to rely primarily
on detecting environmental changes (Posner, 1978; Treisman, 1988). When change is
detected, further processing is considered to take the form of slower mechanisms that
interpret the meaning of events (Treisman, 1988). The point at which the transfer of
information occurs between these automatic and controlled mechanisms has fuelled
psychological debate for many years (Broadbent, 1958, Deutsch & Deutsch, 1963;
Mackay, 1973, Treisman, 1999).

1.1.2 The “Early vs. Late” selection debate

Since the 1950s, there has been considerate disagreement concerning the levels
of processing afforded an item before selection occurs. It seems logical that some
analysis is required to distinguish a stimulus for selection from the field of available
stimuli. The question is whether selection is simply based upon the physical attributes
of stimuli, or whether meaning influences selection. One means of answering this
question is to examine the level of processing non-selected items receive. Two
competing schools of thought emerged initially, hypothesising that selection occurs at
an early (Broadbent, 1958) or late (Deutsch & Deutsch, 1963; Mackay, 1973) level of
processing. These two theories, although considered antithetical (e.g. Broadbent, 1958
& Deutsch & Deutsch, 1963), do share similarities.

1.1.2.1 Early selection

Broadbent’s (1958) Filter theory, also known as the early selection theory, is the
first detailed theory of attention. The theory states that all items reaching the sensory
system are processed to a point at which their physical attributes (e.g. pitch, location
or loudness of an auditory stimulus) are analysed. Due to the limited capacity of later
processing stages that assign meaning, the number of items entering these stages is
restricted. The initial processing stage that defines physical descriptions is considered
free of capacity limitations; information enters the system in parallel and is held in a
temporary store, or buffer, for a short period. Then the process of selection occurs,
effectively filtering the input. This system is thought to defend the brain against the
potential overload of sensory information from the nervous system.

Experimental support for the Filter theory comes from the dichotic listening task

and the split-stream paradigm. During the dichotic listening task, participants are



presented with two streams of information to different ears and are asked to shadow
one stream. That is, to attend to one of the streams while ignoring the other. When
participants were asked about the unattended stream, there was no memory for
meaning whereas physical parameters, e.g. sex of speaker, intensity and location were
noticed (Cherry, 1953). These results suggested that the unattended stream received
little or no processing other than the physical properties.

Further evidence from the split-stream paradigm (Broadbent, 1944, 1958)
provided support for Broadbent’s (1958) Filter theory. The split-stream paradigm
involves interspersed presentation of two lists of three digits, with one list played to
each ear at a rate of two items/s: participants are required to recall as much
information as possible. For example, the sequence 5, 2, 7 might be played to the left
ear, and 8, 6, 1 played to the right. Broadbent observed that rather than reporting the
numbers by pairs (e.g. 5-8, 2-6, 7-1) as the items were episodically presented, the
participants tended to group the numbers in the order of the ear to which they were
presented (e.g. 5, 2, 7 then 8, 6, 1). Similar patterns of results were demonstrated when
streams were defined by differences in pitch rather than ear (Broadbent, 1958). The
account offered by Broadbent for these findings was that because both channels could
not be attended to simultaneously, one stream was attended to and consolidated, while
the other was stored temporarily in a perceptual buffer and then retrieved, thereby

explaining the order effects that were observed.

1.1.2.2 Late selection

Further exploration of the Dichotic listening task and the split-stream paradigms
have revealed findings that cannot be explained simply by the early selection theory.
When words of a high emotional value (e.g. the participants’ name) were added to the
unattended stream in the dichotic listening task, participants reported awareness of
their presence (Wood & Cowan, 1995). Additional contradictory evidence was
provided using the split-stream paradigm with the introduction of a semantic
relationship between items, e.g. using the stimuli mice, one, and cheese presented to
the left ear and four, eat, two presented to the right ear (Gray & Wedderburn, 1960).
In contrast to reporting items by ear (Broadbent, 1954), participants were likely to
group information by meaning; mice, eat, cheese, and four, one, two.

On the basis of these and related findings, late selection theorists (Deutsch &

Deutsch, 1963; Mackay, 1973) proposed a variant of Broadbent’s (1958) Filter theory



whereby familiar objects are processed without capacity restrictions to the point of
semantic description before being selected. Capacity limitations were proposed to
arise further along the processing chain. The late selection position suggests that
stimuli are processed in parallel to a level forming categorical or semantic descriptions
before their selection into consciousness.

Evidence consistent with late selection accounts comes from the Stroop effect
(Stroop, 1935b), whereby participants often report or manifest difficulty in naming the
colour in which an incompatible colour name is written (Jensen & Rohwer, 1966;
MacLeod, 1986; Thurstone, 1944). It is hypothesised that the colour denoted by the
word creates a verbal representation and that this creates competition for the accurate
naming of the colour in which the word is presented (Singer et al., 1975). This is
incompatible with early selection accounts since according to this view meaning is
interfering with a perceptual judgment. Additionally, this effect is very resistant to
practice (Kahneman & Henik, 1981) suggesting that it is at least to some extent
‘hardwired’.

An alternative to the preceding accounts is that processing of the to-be-rejected
or irrelevant information is attenuated depending upon the type and amount of
incoming information (Treisman, 1960). This theory suggests that the selection of
items occurs when sufficient detector units are recruited. Rejected items do not
acquire enough detector units to exceed a threshold within a given detector. Lavie and
Tsal (1994) expanded upon this idea by suggesting that the locus of visual selection
may not be either early or late but may depend on the perceptual load imposed by the
stimuli. The level to which the primary task consumes the available resources
determines the level of processing afforded irrelevant stimuli (Lavie, 1995; Treisman
& Riley, 1969; Tsal & Lavie, 1995). In addition, the extent of processing of irrelevant
stimuli does not depend upon participants’ expectations or intentions to ignore

distracting stimuli (Theeuwes, Kramer & Belopolsky, 2004).

1.2 Attentional paradigms

From initial experiments with simple reaction times (e.g. as measured by the
dropping of a ruler between thumb and index finger) through to electrophysiological
investigations, the ways in which we test behaviour have mirrored technological

developments. Early attentional investigations typically utilised single stimuli with



either little or no selection criteria (e.g. Swets 1964). The development of dual-task
paradigms e.g. split-stream, dual speeded response and rapid serial visual presentation
(RSVP) tasks has led to a plethora of theories accounting for dual-task interference
(Shiffrin & Gardener, 1972; Turvey 1973). Dual-task interference refers to the
reduction of performance on one task due to the competition imposed by the
implementation of another enforced task (Pashler, 1998). Several effects, such as the
psychological refractory period (PRP) (Gottsdanker & Stelmach, 1971; Pashler &
Baylis, 1991) and the attentional blink (AB) (Raymond, Shapiro & Arnell, 1992) have
proved very informative as to the nature of the attentional system as well as providing
information about the time courses and capacity limitations of human information

processing.

1.2.1 Divided attention

The simultaneous processing of more than one stimulus must be subject to
capacity limitations if reaction time or accuracy is negatively affected, when
compared to the subsequent processing of the same items one-at-a-time (Pashler,
1998). These concurrent processing deficits can be seen if a person is asked to pat
their head and rub their stomach; confusion ensues. The tasks, however, are easily
completed if they are attempted separately. The integration of these tasks and any
attending behavioural costs highlights processing pathways and locations at which
competition for limited resources occurs (Pashler, 1998). Dual-task interference
presumably arises from competition at the point of information transfer from parallel
(high capacity) systems to serial (limited competition) processes (Pashler, 1998;
Treisman, 1988). The focus in this thesis is on variants of the RSVP paradigm, and as
a result, the RSVP paradigm and important findings are discussed in detail below.

1.2.2 RSVP techniques

One method of investigating the temporal properties of the attentional system
is to utilise an RSVP procedure. An RSVP procedure involves rapid presentation of
successive items such as letters (Raymond, Shapiro & Arnell, 1992), digits
(Weichselgartner & Sperling, 1987), words (Broadbent & Broadbent, 1987) or
pictures (Shapiro, 2001) in either the same or different locations. Items are typically
presented at rates of between 6 and 30 items/s (Lawrence 1971). The items may

immediately succeed each other, or the offset of the previous items may be followed



by a non-patterned inter-stimulus interval (ISI) (Shapiro & Raymond, 1994). The
stimulus onset asynchrony (SOA) determines the temporal distance between the
onsets of items, inclusive of any ISIs. A typical RSVP sequence contains around 15 to
20 items, each item being different from the previous item (although this is not the
case when investigating Repetition Blindness (Kanwisher 1987); this will be discussed
further in section 1.3.2). Target(s) are differentiated in some way from other items, for
example by letter case, colour or a simultaneous change in background illumination.
The observer must identify the target or the target-defining feature. Manipulating the
number of target items within each sequence allows control over task demands. Non-

target items are commonly referred to as distractors.

1.2.2.1 Single-task RSVP

Lawrence (1971) carried out the initial RSVP study in order to track the time
course of events succeeding target selection. An uppercase target word was embedded
in a random position within a sequence (a stream) of lowercase distractor words (see
Figure 1.1). The task for the observer was to identify the capitalised word, which
appeared at differing serial positions within RSVPs. Sequences were presented at rates
of between 6-20 items/s, with identification performance decreasing proportionally
with increasing presentation rate. A very high proportion of these errors were post-
target intrusions, whereby the participant would mistake the identity of the target
items as being that of the uncapitalised item that immediately followed the target.

The data from this RSVP study leads to the question: can the intrusions be
attributed to a sensory or an attentional limitation? Essentially, does the sensory
system process the two items as one due to speed of presentation, or do intrusions
result from a bottleneck arising from attentional selection? Evidence from masking
studies, in which only target and mask are presented, showed no significant
decrements in target identification with a target presented for ~ 10 ms and a target-
mask SOA of ~ 30 ms (Taylor & Chabot, 1978). Lawrence (1971) presented targets
within a stream of stimuli and showed significant performance degradation at a much
slower rate of 7 items/s (SOA = 142 ms).

The attribution of the effect to an attentional rather than a sensory limitation
led to the development of a two-stage filtering model. The initial early selection stage
is activated when the target is detected. This is followed by a subsequent processing

stage that identifies the to-be-reported feature from items within the sensory store



(Broadbent & Broadbent, 1987; Lawrence, 1981). According to this account,

intrusions are due to the serial and (relatively) slower nature of the second stage.
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Figure 1.1: Graphic representation of the single-task RSVP procedure used by
Lawrence (1971)

1.2.2.2 Dual-task RSVP

Dual-task RSVP paradigms permit further examination of the time-course of
events occurring after the presentation of a single target. Broadbent and Broadbent’s
(1987) dual-task paradigm consisted of uppercase target words that were flanked by
hyphens embedded within a stream of unrelated lowercase words. There were two
target words in each stream and items within the stream were separated by an SOA of
80ms. Processing deficits were examined by comparing performance for responses
made for both targets, and the first target (T1) and the second target (T2)
independently. When the two targets were presented in successive serial positions,
participants could correctly identify T1 or T2 individually but were markedly poorer
when required to identify both. The likelihood of correctly identifying T2 after
correctly identifying T1 increased as the number of intervening items increased. The
probability of correctly identifying both targets when presented within 400 ms of each
other was ~0.1 then increased before reaching asymptote at 0.7 with a T1-T2 SOA of
720 ms or longer (Broadbent & Broadbent, 1987).

These data were interpreted as a demonstration of persistent interference

influencing the attentional capture mechanism. According to this account, and as



described above, the initial detection of the featural aspect of the targets occurs rapidly
then activates a slower capture process which is temporally limited, so processing of
T2 is compromised if it occurs in close proximity to T1 (Broadbent & Broadbent,

1987).

1.2.2.3 Multiple-task RSVP

Weichselgartner and Sperling (1987) used a multiple-task RSVP procedure in
which they tested highly practiced participants. The participants observed a rapid
succession of digits presented in the same spatial location. One target item
(distinguished by a change in luminescence or the outline of a square) prompted the
participants to identify the target and the three following items. Participants were able
to 1identify the target and the item directly succeeding the target with a high degree of
accuracy, along with items presented 300-400 ms after the initial target. Items
occurring between 100-300 ms post-target were rarely reported correctly. This offered
further evidence supporting the notion of a temporally specific suppression of
attentional capture mechanisms.

Weichselgartner and Sperling (1987) proposed that two attentional
mechanisms were activated upon detection of the initial target. The first is automatic,
unaffected by task difficulty, and lasts for around 100 ms (thus sometimes capturing
more than one item). The second is effortful and sluggish, and lasts for between 200
and 300 ms. It is the second of these mechanisms that Weichselgartner and Sperling
have suggested as being responsible for their findings, in much the same way as

described above for the findings of Broadbent & Broadbent (1987).

1.3. Phenomena elicited by the RSVP procedure

The preceding examples illustrate how the RSVP procedure has been used to
investigate the limitations of perceptual and cognitive processes related to attention,
response selection and processing in visual short-term memory (VSTM). Variants of
the RSVP have also revealed other important effects that are related to the findings
described above, and which are relevant to the work that will be described in this

thesis.



1.3.1 Repetition Blindness (RB)

Temporary impairments in detection of repeated items within the RSVP have
been documented by Kanwisher (1987) and Kanwisher and Potter (1989, 1990). In
these initial experiments, participants saw letters presented one item at a time that
made up a word. Participants were asked to remember each item in order and report
the word in full after each trial. In half of the trials, a letter within the sequence was
repeated, and often participants would omit the repeated letter in their subsequent
report. This omission occurred even if this affected the correct spelling of the word.
The effect has been extended to the presentation of entire words, where the task
required observers to detect the repetitions of a word. Rates of presentation of 5.4 and
8.5 items/s reduced the probability of detecting the repeated word if it was presented
between approximately 150 and 750 ms after the previous word.

RB effects share a similar time-course to the dual-task RSVP effects described
above; the onset and offset of the performance decrement ranges from 150 to 500ms,
although the RB effect can have a more prolonged deficit (Kanwisher & Potter, 1989,
1990). However, the two differ in that the dual-task RSVP procedure allows partial
and full definition of the target, i.e. the physical properties of the target (partial
definition) and the actual semantic property of the target (full definition). The target in
the RB can only be the ‘repeated item’. Another difference is that of the maximum
performance decrement recorded. The dual-task RSVP typically elicits a deficit of
¢.50% whilst RB has demonstrated a decrement of up to and above 80% (Shapiro &
Raymond, 1994). This increased deficit observed during the RB procedure is
attributed to the sustained monitoring of the whole sequence as the repeated item
could occur at any point in the sequence. The dual-task RSVP, by contrast, requires
the detection of two target items and after that; the participant is not required to
monitor the sequence.

The essential and fundamental difference between the AB and RB relates to
target-distractor (T-D) discriminability. The RB relies on the use of an exact
replication of a token and the RB is the inability to distinguish the repeated item as a
different event. The AB is moderated by T-D dissimilarity, whereby the resulting
processing deficit is most likely due to competition between two separate events (the

correctly identified targets).



1.3.2 Dual speeded responses: The PRP effect

The psychological refractory period (PRP) phenomenon is observed in tasks
where the participant is required to make speeded responses to two simple, contiguous
and similar stimuli. The performance measurement is time taken to react to each
stimulus. Generally, reaction time for completing the second task is greater if the SOA
is small. The time taken to react to the first stimulus is usually unaffected. In addition,
the overall time for the task takes significantly longer than completing each task
separately (Pashler, 1998). The term ‘psychological refractory period’ was adopted
due to supposed similarities to the refractory period of neurons.

The dual speeded response paradigm differs from the dual-task RSVP in two
major ways. The first is that the stimuli are not presented within a stream of
distractors, thus the restriction to processing imposed by masking is replaced by the
requirement to make a speeded response. The second is that the PRP appears robust
when the stimuli are presented across different modalities (Pashler, 1998), whereas
this has not been established for work in which the RSVP has been extended to cross-
modal stimulus streams. The PRP does however, share similarities with the RSVP:
both phenomena result from the processing of two target stimuli in rapid succession.
In addition, the second target suffers from the concurrent processing of the first target
and shows a gradual increase in performance with the increase in SOA, whereas

performance for the first task is largely unaffected (Jolicoeur, 1999).

1.3.3 The Attentional Blink

With an adapted and simplified technique based on both Weichselgartner and
Sperling (1987) and Broadbent and Broadbent’s (1987) previous work, Raymond et
al. (1992) measured and defined the attentional blink (AB). 16 to 24 letters were
presented one at a time and in the same spatial location, with an SOA of 90 ms (15 ms
stimulus presentation plus 75 ms ISI) on a grey background (as in Weichselgartner &
Sperling, 1987) (Raymond et al., 1992). For the dual-task (or divided attention)
condition participants were required to report the identity of two target letters within a
stream after the sequence had finished (as in Broadbent & Broadbent, 1987). The first
target (T1) was white (all other stimuli were black) and could be any letter of the
alphabet, except ‘X’. The second target (T2) was an ‘X’ and was presented on 50% of
the trials. At the end of each trial participants had to report the identity of T1 and

report whether or not T2 was present. T2 was presented with a varying stimulus onset
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1.4 A review of visual AB literature

Initial findings from single-task RSVP experiments (e.g. Broadbent &
Broadbent, 1987; Lawrence, 1971;) were expanded by the creation of two-target
RSVP procedures (first reported by Weichselgartner & Sperling, 1987, and developed
by Raymond et al., 1992). Raymond et al (1992) provided an initial description of the
AB, in both name and behaviour. The AB was initially likened to an eye blink, in as
much as the identification of T1 was assumed to have completely tied up the
attentional resources, thereby preventing the subsequent processing of any aspect of
T2 (Raymond et al., 1992). However, this proposition is problematic for at least two
reasons. First, performance at the critical lags did not fall to zero (see Fig. 1.2), ruling
out an all-or-nothing process. Second, there is now good evidence that T2 is processed
at a post-perceptual level (Shapiro, Amell & Raymond, 1997; Vogel, Luck & Shapiro,
1997; Luck, Vogel & Shapiro, 1996). Initial research into the AB also highlighted the
importance of backward masking of T1 and T2 by the presentation of a contiguous
item (either target or distractor for T1): the ‘“+1 item’ (Raymond et al., 1992; Seiffert
& Di Lollo, 1997). The presence of these masks are thought to restrict processing
allocation (Chun & Potter, 1995; Enns, Visser, Kawahara & Di Lollo, 2001;
Giesbrecht & Di Lollo, 1999 Raymond et al., 1992; Shapiro et al., 1994). The next
section will review the AB literature firstly in reference to the experimental findings,

followed by their theoretical implications.

1.4.1 The empirical evidence for the visual AB

The robust nature of the visual AB has allowed a great deal of empirical
evidence to be collected concerning the time course of visual attentional allocation
and resource capacity (Shapiro, 2001). The manipulation of task difficulty e.g. target
set size (Shapiro et al., 1994), task demands (i.e. detection vs. identification, Shapiro
et al., 1994) and the masking properties of T1 (Seiffert & Di Lollo, 1997) and T2
(Giesbrecht & Di Lollo, 1999) have helped to determine the levels of interference in
VSTM and to allow inferences about resource capacity and allocation. In addition, the
phenomenon of ‘lag 1 sparing’ Chun et al. 1998; Enns et al. 2001; Visser, Bischof and

Di Lollo, 1999) will be discussed, as it is a central issue in this thesis.
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1.4.1.1 Task difficulty

The relationship between the difficulty of target processing and the visual AB
has generated considerable debate (Chun & Potter, 1995; Seiffert & Di Lollo, 1997,
Shapiro et al., 1994; Ward, Duncan & Shapiro, 1996, 1997). Techniques have been
employed to modulate the difficulty of correct target identification, in particular set
size and task demands. Lessening the task demands by reducing the number of
potential targets from 25 to 3 produced only a slight reduction in AB magnitude
(Shapiro et al, 1994, Exp. 1). In addition, reducing the task demands even further by
requesting participants to merely detect the presence or absence of the same target (a
black ‘X’) on every trial (Experiments 3A, 3B, 4, SA, 5B in the study by Shapiro et
al.) rather than identifying one of three letters, demonstrated a sizable AB. Moreover,
increasing the difficulty of the T2 task by imposing two separate demands (the
participants had to report both relative size and identity of the target) produced a
reliable AB deficit; however, performance in both critical conditions (divided
attention plus control) was reduced (Ward et al., 1997).

Further research has supported a link between the AB and task difficulty (Chun
& Potter, 1995; Seiffert & Di Lollo, 1997). The implementation of a meta-analytic
approach incorporating data from 27 AB experiments identified correlations between
accuracy and magnitude by increasing statistical power (Seiffert & Di Lollo, 1997).
The analysis revealed a negative correlation (r = -0.73, p<.001) between target
accuracy and AB size. Therefore, while the effects of difficulty may be small in any
given experiment, overall it appears to be the case that the more difficult the task of
target identification, the larger the AB magnitude.

The difficulty of target identification is also moderated by target-distractor (T-

D) similarity (Chun & Potter, 1995). Maintaining similar task demands —thus
imposing similar cognitive demands- and increasing the T-D similarity, makes the
targets harder to discriminate from the distractors, thus eliciting a larger AB (Chun &

Potter, 1995).

1.4.1.2 Masking and the visual AB

Visual masking refers to the reduction in the visibility of one stimulus, the
target, by spatially overlapping or contiguous presentation of a second stimulus,
known as a mask (Breitmeyer 1984). Masks can be broadly categorised into two

distinct groups, those that contain patterns which overlap the pattern of the target in
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space (pattern masking), and those that do not (structure and metacontrast masking)
(Breitmeyer, 1984). Pattern masking can impose two main types of spatiotemporal
interference: simultaneous (integration masking) and non-simultaneous (interruption
masking). Integration masking adds noise to the target by superimposing additional
pattern information on the target. Interruption masking refers to the presentation of a
non-target item in a temporally adjacent serial position either before (forward
masking), or after (backward masking) the target. Pattern masking is the form of

masking most relevant to AB research.

1.4.1.2.1 Masking of T1

Extensive investigation into the role of visual masking within the AB has
produced varying results (Enns et al., 2001; McLaughlin, Shore & Kline, 2001;
Seiffert & Di Lollo, 1997). One regularity is the importance of the items immediately
following the target (e.g. the T1 +1 & the T2 +1 items; the number denotes item
position in the post-target stream), whereby replacing the +1 items with blank
intervals abolishes the AB (Raymond et al. 1992, Experiment 3). Additionally,
increasing or decreasing spatial or featural similarity between the target and the +1
items modulates the amount of interference: reducing the similarity attenuated the size
of the AB (Shapiro & Raymond, 1994),

The role of the T1 mask has also been investigated by superimposing a mask
upon T1 whilst replacing the T1 +1 item with a blank interval (Seiffert and Di Lollo,
1997). A large AB was obtained with this integration mask when compared to the
presentation of T1 with no T1+1 item. Removing the spatial superimposition,
moreover, by presenting the T1+1 item in a location adjacent to T1, was enough to
elicit the AB to a greater extent than if T1 was not masked at all (Grandison,
Ghirardelli & Egeth, 1997; Seiffert and Di Lollo, 1997). These findings led to the
conclusion that it is essential that T1 be masked to produce an AB, but with what or

when, is unimportant (Enns et al. 2001).

1.4.1.2.2 Masking for T2

Masking of T2, like T1, may be critical for the production of the AB deficit
(Raymond et al., 1992), but there are important differences for T1 and T2 masking
(Enns et al., 2001). Only interruption masking of T2 elicits the characteristic AB
effect (Raymond, et al., 1992; Shapiro et al., 1994; Seiffert & Di Lollo, 1997).

14



Integration masking produces a deficit in identification, however in this case T1-T2
SOA did not affect performance (Enns, et al., 2001; Seiffert & Di Lollo, 1997).
Presenting the mask and target synchronously produced a deficit in performance, but
no T1-T2 SOA interaction. Delaying the mask onset (e.g. presenting the mask after 60
ms with an RSVP SOA of 90 ms) produces an SOA dependent effect, however the
effect is smaller than if the mask onset occurs directly after the target (target-mask
interval is 90 ms).

Interruption masking occurs naturally within the RSVP procedure. The serial
nature of dual-task RSVP imposes an additive cognitive demand; therefore, the
representation for T2 is presumably more sensitive to interference than is T1. An
assumption common in the visual AB literature is that the processing of T1 delays the
processing of T2, thereby increasing its susceptibility to competition and subsequent
decay (Chun & Potter, 1995). By increasing the time between T1 and T2 presentation,
accuracy is increased, producing the asymptotic SOA interaction. The explanation for
the findings for integration masking is that this always results in an impoverished
representation and therefore does not show any time dependent relationships (Enns et
al., 2001).

Further investigations have attempted to differentiate the essential properties
required to mask T2 effectively (Enns et al., 2001; Giesbrecht & Di Lollo, 1998). A
range of methodologies have been employed: presenting unique items as the +1 items
(e.g. digit targets and distractors with mathematic symbols for the +1 items)
(Giesbrecht & Di Lollo, 1998) and varying target-distractor (T-D) similarity (Maki,
Couture, et al., 1997; Maki, Bussard, Lopez & Digby, 2003). These have served to
highlight the T2 and T2 +1 item relationship. Presenting a dot pattern in the T2 +1
position attenuates the AB (Shapiro et al., 1994). Reducing T-D similarity e.g.
presenting letter targets within digit distractor streams (Maki, et al., 1997; Raymond,
et al., 1994) produces a large AB deficit. In addition, using false font (e.g.
mathematical symbols, e.g. ‘y’) distractors with coloured letter targets (T1 =red, T2 =
green) produced a substantially attenuated AB curve (Maki, et al., 1997, 2003).

In summary, the influence of interruption masking of the T2 +1 item relates to
the degree of interference it exerts upon T2. However, to elicit the AB the T2 +1 item
must share a similar pattern arrangement and the effect will persist even with the

removal of semantic information (Enns, 2001).
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1.4.1.3 Lag 1 sparing

Lag 1 sparing has been attributed to the sluggish closing of the attentional
window (Chun & Potter, 1995; Raymond, et al., 1992; Shapiro et al, 1994;
Weichselgartner & Sperling, 1987). The gate is said to open rapidly with the
presentation of the first target, but closes over a certain period. This sluggish closing
allows T2 to enter alongside T1 if it occurs directly after T1, thereby explaining the
lag 1 effect. The notion of a sluggish attentional gate is very similar to the idea of a
discrete attentional episode, or window that opens for 150-200 ms (Weichselgartner &
Sperling, 1995). Thus, lag 1 sparing can be thought of as the incorporation of both
targets within the same attentional episode. This gate has been linked to the
functioning of the locus coeruleus, a brainstem nucleus, whereby items occurring
directly after T1 benefit from the noradrenergic potentiation associated with T1
(Nieuwenhuis, Gilzenrat, Holmes & Cohen, 2005). The positive noradrenergic action
resulting from the identification of T1 dissipates slowly, thereby increasing the
likelihood of the noradrenergic benefit influencing positively T2 identification.

While it might be assumed that lag 1 sparing is an important component of what
constitutes an AB, the lack of lag 1 sparing, perhaps surprisingly, does not attract
concern in many studies. Lag 1 sparing is present in some apparently similar AB
studies but not in others (e.g. Chun & Potter, 1995; Joseph, Chun & Nakayama, 1997).
From one perspective, this would suggest that factors other than temporal contiguity
define attentional episodes of sequentially processed items (Enns et al, 2001). It has
been assumed either that the absence of lag 1 sparing highlights a breakdown in the
attentional process or that the targets are treated as separate attentional episodes (Chun
et al. 1998; Enns et al. 2001; Visser, Bischof and Di Lollo, 1999). The presence or
absence of lag 1 sparing would therefore allow further examination of what constitutes

an attentional episode, in both spatial and temporal domains.

1.4.1.3.1 Attentional switching and Lag 1 sparing

An attentional switch refers to the reassigning of attention resources from one
episode to another which exceeds the ‘normal’ parameters, spatial, temporal or
featural of the initial event. The notion of an attentional switch has been implicated in
the production of lag 1 sparing. Therefore, what differs between studies that show lag
1 sparing and those that do not? A comprehensive and systematic examination of AB

studies since Raymond et al’s (1992) initial work was carried out by Visser et al.
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(1999), investigating experimental evidence for lag 1 sparing. Studies were included
in which significant ABs were found and where the experimental design allowed T2
to be presented at lag 1, approximately 100 ms after the presentation of T1. Lag 1
sparing was defined as a level of performance at lag 1 that was 5% higher than that of
the lowest level. The included studies involved a variety of different manipulations,
including location, modality, task (identify/detect) and category (letters/digits).

The major finding was that lag 1 sparing was demonstrated with no switching of
attentional set between T1 and T2 i.e. both the targets belonged to the same stimulus
category (Chun & Potter, 1995; Raymond et al, 1992). In addition, targets needed to
be presented in the same modality (Potter, Chun, Banks & Muckenhoupt, 1998), in the
same location (Allport et al, 1994; Duncan et al, 1994, Experiment 2, 1997,
Experiment 2), or the task for both targets had to be the same (Broadbent &
Broadbent, 1987; Chun & Potter, 1995; Giesbrecht & Di Lollo, 1998; Maki, Couture
et al, 1997; Raymond et al, 1992, 1994). Out of those studies that employed multiple
switches, 91% of those did not demonstrate lag 1 sparing. As noted by Visser et al.
(1999), switches in either task or category alone produced lag 1 sparing in 76% of
cases whilst implementation of two switches concurrently demonstrated lag 1 sparing
in only 18% of studies.

Lag 1 sparing was not found with a switch in location, as already noted,
suggesting that changes in spatial location exert somewhat different influences over
when successive targets will be integrated within the same attentional episode.
Changing task demands still demonstrated Lag 1 sparing, however, the effect was
removed when T1 and T2 were presented in different modalities.

Lag 1 sparing can only be shown when not employing an attentional switch,
which can be neatly explained by attentional episode theory (Weichselgartner &
Sperling, 1987). However, a revised theory is required to explain studies in which lag
1 sparing is not shown. Visser et al. (1999) proposed a filter based mechanism, an idea
that developed from the notion of templates (Raymond, et al., 1992). According to this
account, target representations must satisfy a filter based on the processing
requirements and the resources allocated to a given task (Raymond et al., 1992; Visser
et al. 1999). The filter is not considered target specific, as highlighted by the need for
some degree of similarity between targets and distractors to generate interference in
the VSTM. In addition, this filter must embody a spatial dimension as changes across

too large a spatial area abolish lag 1 sparing (Visser et al. 1999). This would suggest

17



that the focus of the attentional filter is narrow both spatially and temporally.
According to this account, when a switch occurs, T1 and T2 are not processed
together: because of the switch requirement, a new filter needs to be set up which
takes time, hence the decreased performance (Enns et al. 2001). If the second target is
not allowed access to higher level processing, the representation is held up in the
initial stage, which is more susceptible to masking interference and to degradation.
This filter must operate at an early stage within the visual system, as it needs to
react quickly to rapid changes in attentional set and response planning. In addition,
this mechanism is presumably intelligent, as its function relies not only on physical
stimuli representations, because lag 1 sparing has been demonstrated with categorical
changes within the stimulus set (Maki et al., 1999). Intelligent filtering, as proposed
by Visser et al. (1999), assumes an interaction between exogenous and endogenous
influences. According to this account, input filters are under the control of the
prefrontal cortex and determine the level of processing afforded any given stimulus
(Hommel, Kessler, Schmitz et al., 2006). Later filtering, however, is at least in part
stimulus driven. That is, the nature of the stimulus determines the activation of a
specific processing module, hence some level of exogenous control over filtering.
This is reflected in the functional organisation of the brain with independent
processors operating in parallel on stimuli passing input filters (Allport & Hsieh,
2001; Enns et al., 2001). It is important to note, however, that distinguishing between
models that influence inputs as well as outputs to processing stages versus those that

emphasise primarily processes that operate on the outputs is not straightforward.

1.4.2 Theoretical accounts of the visual AB

The AB research within the visual domain is extensive. From its conception,
an important issue has been the extent to which the AB is due to either central
processing limitations or modality-specific mechanisms Arnell & Jolicoeur, 1999;
Chun & Potter 1995; Jolicoeur 1999; Shapiro et al., 1994; Visser et al., 1999). In the
initial work due to Broadbent and Broadbent (1987), post-target intrusions made up a
large proportion of errors made for the RSVP task. Post-target intrusions have been
attributed to two mechanisms; an initial featural search activated by the physical
properties of the stimuli, then the capture and post categorical processing of the
stimuli (Broadbent & Broadbent, 1987; Lawrence, 1981). Raymond et al. (1992)

expanded upon the previous work and investigated post-target intrusions through
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adjusting the similarity between T2 and the T2 +1 item. Increasing the similarity
therefore strengthens an inhibitory process that suppressed the processing of T2.
Initially this process of inhibition was described as an all-or-nothing process
(Raymond et al. 1992) but the fact that T2 identification was typically attenuated
rather than abolished led to the formulation of a theory attributing the AB to
competition within the VSTM (Shapiro et al. 1994). A competition for resources
model arguably better fits the exponential relationship between performance and T-D
similarity than does an all-or-none account. Chun and Potter (1995), however,
questioned the explanation that the AB results from competition within the VSTM,
suggesting the locus of the AB effect was at a post perceptual stage. Chun and Potter’s
(1995) Two-Stage model suggests that T2 is held up once captured in a limited
capacity store, whilst T1 is processed and elevated to a conscious representation in the

VSTM. These different models and their implications are discussed below.

1.4.2.1 Attentional Suppression model: Raymond et al. (1992)

Raymond et al. (1992) proposed that the AB results from a capacity limitation in
the attentional system. The fact that the visual AB is not a result of a perceptual
processing bottleneck has already been discussed (see section 1.4.1.2). Raymond et al.
suggested a similar mechanism for the AB to that proposed by Weichselgartner and
Sperling (1987) whereby attention is allocated episodically. According to this account,
each episode has a finite duration and items occurring within this episode are captured
while items occurring outside this episode are missed. This all-or-nothing process was
seen to be analogous to an eye-blink, hence the term Attentional Blink.

The model proposes two stages to target detection; the initial stage identifies
the target as being different from the non-targets due to some featural aspect (e.g. a
white target amongst black distractors) and is detected preattentively. During the
initial stage, the +1 item is allowed entry to the system, which is attributed to the
sluggish closing of the attentional gate (Weichselgartner and Sperling, 1987). During
the second stage, attention is then focused initially on the attentional episode
containing both the target and the + 1 item. Items that fall outside this episode remain
in VSTM where they may be confused with other items or over-written while T1 and
perhaps T1+1 are processed. Items that occur more than 300 ms after T1 are not held
in VSTM and are processed in a later attentional episode (as stated previously by

Duncan & Humphreys, 1989).
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Lag 1 sparing is consistent with this theory; temporally adjacent items are
encoded at the same time within the same attentional episode. The fact that the AB
effect is abolished with the removal of the item from the +1 position is also consistent

with this account, because of the lower demands on VSTM.

1.4.2.2 Retrieval Competition model: Shapiro et al (1994)

This model was a revision of the Attention Suppression model (Raymond et al.,
1992), and was motivated in part by the fact that there is ample evidence that ‘blinked’
items do receive some kinds of information processing.

The Retrieval Competition model differs from the Attention Suppression
model in relation to the locus of selection, assuming a late, rather than early, point of
selection. The model proposes creation of an initial target template, which allows T1
entry to VSTM. T1 is captured along with the +1 item (in keeping with the notion of
perceptual load from Lavie and colleagues, see earlier comments) probably due to its
temporal proximity. Consequently, the post-target item is afforded a level of
processing above that of the other non-target items, which as discussed earlier may
relate to a residual increase in noradrenergic activation (Nieuwenhuis, et al, 2005, see
section 1.4.2.6 for review). The rationale for the postulation of this higher weighting
for the +1 item stems from Raymond et al.’s findings relating to the finding of post-
target intrusions, suggesting interactions within the VSTM (Shapiro et al., 1994).
According to the competition model, instead of the activation of an inhibitory
mechanism, the interaction of the target and the +1 item create competition for
retrieval from the VSTM. This model predicts that the competition will be less severe
when the dissimilarity between the targets increases (e.g. Experiments SA & 5B
Shapiro et al., 1994). This model can account for all of the data that the suppression
account explanations, but Shapiro et al. do note that this model does not explain the
production of the AB deficit with the use of a random dot pattern as T1, and an ‘X’ as
T2. They suggest that perhaps the dot patterns share similar featural aspects with the

letters, in both colour (use of black targets and distractors) and pattern.

1.4.2.3 Two-stage model: Chun and Potter (1995)

The Two-Stage model (Chun & Potter, 1995) expands upon the initial findings
of Broadbent and Broadbent (1987) in which a two filter system (detect-then-identify)
was believed to be operating. The target is detected by the first, capacity free stage,
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which then activates a second, capacity limited system that consolidates featural
identity and allows conscious access to the target representation. The first stage, rapid
detection, scans all incoming items for relevance to a predetermined target template,
based on featural similarities such as category, colour or even the letter case of the
item. This representation is short lived and fragile, requiring rapid action
(consolidation). Items at this stage are subject to ‘rapid forgetting’ (Chun & Potter,
1995, p.122) due to the constant intake of subsequent items from the RSVP. The build
up of items can lead to competition and subsequent decay, if the items are not
consolidated. The second, capacity-limited processing stage is thought to strengthen
the representation it receives based on detection. This process does not begin with the
presentation of the stimulus, but with transfer from the initial stage. It has been
hypothesised that this transfer has a temporal dimension similar to the timing of a
visual attentional episode (Weichselgartner & Sperling, 1987), whereby the capture of
the initial item results in the capture of the subsequent item at a rate of around 10
items/s.

The activation of this initial system cannot be halted once initiated, so has to
carry out a prescribed action with a fixed temporal cost (attentional dwell-time,
Duncan, Ward & Shapiro, 1994; Ward, Duncan & Shapiro, 1996). Therefore,
decreasing the SOA (increasing the number of items/s) between targets increases the
time the target item has to wait in a very limited capacity store before it is processed.
Representations decay during this period and this is the critical factor for explaining
performance in attentional blink tasks. Only when the processing of the initial target is
completed is the second target allowed access and is processed without interference.
This is reflected in an increase in performance after approximately 300 ms. The
process of elevating the representation to a conscious level is not a fixed variable, as
performance gradually increases rather than being a simple on/off function. This
gradual increase in performance may be responsible for the variation across the task as
well as the population.

Chun and Potter (1995) investigated parameters that influence the magnitude
of the AB. In one experiment, participants had to detect and identify alphanumeric
targets at varying SOAs (100 ms). Participants were to make judgments on three
targets with varying SOAs. ABs were demonstrated for T1 and T2, and T2 and T3,
showing the deficit can occur with any target irrespective of how many there are in the

presentation. Initially Chun and Potter manipulated categorical differences between
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targets and distractors, investigating access to the initial stage of their model, in order
to examine the possible influence of preattentive biases. A bias would allow a more
rapid selection to the initial stage for some contents, thereby reducing workload in the
second stage reducing attentional suppression. In addition, reducing task load by
implementing the same task for both targets (no switch between tasks for T1 and T2)
demonstrated ‘typical’ AB behaviour.

The proposed model describes a more dynamic nature to attention as opposed
to Weichselgartner and Sperling’s (1987) sustained attention proposal whereby the
deficit in detection of T1 occurs with every item that is afforded enough time between
the activation of the process (Chun & Potter, 1995). Results supported a two-stage
model whereby the detection of each target highlighted processing ‘bottlenecks’. The
removal of the T1 post-target item and its replacement with a blank space (Raymond
et al. 1992), dramatically improves T2 performance thus eliminating the AB. This
suggests that the degree of difficulty of the T1 task, either in terms of temporal (e.g.
+1 space is blank) or featural similarity, determines T2 performance.

Raymond et al. suggested the AB would be modulated by target-distractor
similarity due to interference caused by featural similarity between T1 and T2.
However, it is not simply a question of similarity between visual features but of
category, or stimulus set, as digit targets created a larger AB compared to keyboard
symbol targets (keyboard symbols matched for featural likeness). For example, with
the use of letter targets, symbol distractors did not produce an AB; however, a
pronounced AB was produced with digit distractors (Chun & Potter, 1995).
Additionally, inversion errors —the increased likelihood of incorrectly identifying T2
and T1 and vice versa were almost three times as likely to occur with digit distractors.

One explanation for this stems from the observation that if digits were more
recognisable, they would engage more resources therefore creating a larger bottleneck
effect. This suggests again that higher frequency items create a larger masking effect
by increasing interference and thus slowing the pathway to higher conscious
functions. This lends more evidence to the idea that visual templates are created for
the targets are too different to the patterns of the symbols, and therefore are
considered irrelevant. Digits engage the templates but due to a degree of mismatch, an
increase in processing resources is required to try to fit the items.

This model shares some similarities with the previous models of the AB in that

T1 and the +1 item are processed together, and that the degree of interference (the
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AB) is proportional to the degree of similarity, with regard to both global (categorical)
and featural similarity. The Attentional Suppression model (Raymond et al. 1992)
differs from the Two-Stage model because of the concept of a discrete attentional
gate: the ‘gate’ is either open or closed, whereby no transfer of information can occur
when the gate is closed, however, some must pass through as performance is rarely at

floor for blinked items.

1.4.2.4 Central Interference Theory: Jolicoeur (1999)

The Central Interference Theory proposes a different explanation for the AB,
mainly due to the fact the model was developed using data outside of the visual
modality, in particular cross-modal AB studies (see section 1.6.1 for discussion). One
question arising from the previous models is the locus of the processing operations
that are responsible for the AB: is the AB purely a visual phenomenon and due to
domain-specific specific visual processes, or is the AB, in whole or in part, due to
domain-general (central, or ‘amodal’) processing operations). Both the Two-Stage
(Chun & Potter, 1995) and Retrieval Competition models (Shapiro, et al 1994) explain
and predict behaviour for visual presentations only. The Central Interference model
suggests that the deficit in performance during the AB is due to interference at an
amodal juncture that ties up central resources.

The model is a more general version of that proposed by Chun and Potter
(1995); their model explains a very specific action defining the processes of the AB
with reference to the VSTM. The AB occurs due to temporary postponement of
stimulus processing, as previous items are being processed. Jolicoeur’s model
identifies a special process for the encoding of information into a general STM. This
process is short-term consolidation (STC). This model differs from that of the two-
stage model as processes other than memory encoding (e.g. response selection,
transfer of control demands such as bottom-up perceptual actions) are able to interfere
with the STC process. The central interference model assumes the second task
(identification of T2) requires central processing in order for T2 to be encoded into the
STM. STC of T2 cannot occur whilst processing of T1 is occurring. This bottleneck
occurs as response selection is initiated for the first item. Secondly, the assumption is
made that cognitive functions that do not require central processing are carried out

irrespective of other non-centralised operations.
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1.4.2.5 A Neurocomputational model (Nieuwenhuis, Gilzenrat, Holmes & Cohen,

2005)

Nieuwenhuis et al (2005) proposed a neurobiological mechanism for the visual
AB effect. This model expanded upon previous research implicating the
neuromodulatory brainstem nucleus locus coeruleus (LC) in the regulation of
cognitive performance. An increase in activity within the LC during the processing of
motivationally relevant stimuli leads to increased production of norepinephrine (NE)
(Nieuwenhuis et al., 2005). Local NE release within the LC has an inhibitory effect
upon the processing of a response to a stimulus, producing a period in which LC-NE
mediated information processing is largely unavailable. This period of reduced
activity coincides with the temporal parameters of the AB. Evidence from nonhuman
primate studies in simple signal detection tasks (detection of a rare target from within
a stream of distractors) has shown LC firing rate peaking between 100 and 200 ms
post-target (Nieuwenhuis, et al 2005). These findings suggest that phasic bursts in the
LC-NE system play an important role in the processing of task relevant stimuli, and
importantly these bursts occur within a short period of the eliciting stimulus and are
followed by a period of functional refractoriness. This period of noradrenergic
autoinhibition of the LC leads to the temporary unavailability of the NE-mediated
action. According to this model, the result in AB tasks is the processing deficit seen
for T2.

The model comprises a behavioural network consisting of three layers; input,
decision and detection (see Fig. 1.6). There are “feed-forward excitatory connections
between layers and mutual inhibitory connections between units and decisions and
layers stimulating competition between alternative representations” (Nieuwenhuis et
al., 2005, pp 294). The input layer comprises three input units for each stimulus type
(i.e. T1, T2 and distractor), processed within one single dedicated pathway (three
types of input rather than each distractor being represented separately). Stimulus
detection is stimulated by the activation of a particular unit, which activates the
decision units by means of the LC elevating the representation to the detection level
(see Fig 1.6). As participants are not required to identify the distractors there are no

detection units for distractor items.
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(Shapiro, Cadwell & Sorenson, 1997A; Shapiro, Driver, Hillstrom & Sorenson,
1997B, Exp. 2; Luck, Vogel & Shapiro, 1996; Vogel, Luck & Shapiro, 1998

Priming experiments looked at the level of processing that occurs with the
presentation of the T2 during the blink period. A three-target paradigm was used
whereby T2 would prime an additional third target. Both T2 and T3 were presented
within the ‘blink’ period, 300 ms after the presentation of the previous item. T1 was
unrelated to T2 and T3, whilst T2 and T3 were semantically linked (e.g. T1 = river T2
= doctor and T3 = nurse). T2 acted as a semantic prime for T3 even when participants
reported that T2 did not occur. This provided evidence that T2, although missed, is
processed semantically. If it was not processed semantically, it could not have primed
T3. This would again suggest that although consciously the participant is unaware of
the ‘blinked’ item a degree of processing must have occurred in order for the semantic
properties to be exhibited.

ERPs have been utilised in order to examine the locus of the AB deficit more
precisely. ERPs measure brain activity from the surface of the scalp by recording
small electrical polarity differences at various locations for approximately 1-2 seconds
after events of interest (e.g. the presentation of a specific stimulus). In the case of the
AB, this would be T2. The activity occurring after this event is recorded many times
and the signal produced is then averaged across trials. This is done because the brain
constantly produces activity irrelevant to the stimulus. This background activity is
considered random, so therefore an average would remove the random factors leaving
a clean representation of the activity specific to the stimulus.

Luck et al. (1996) and Vogel et al. (1998) measured two electrical potentials;
the N400, which is sensitive to semantic processing, and the P300, a positive
deflection believed to represent contextual updating in working memory that occurs
after identification of a target stimulus. By using a word item presented in an RSVP,
they used a T2 that could be semantically similar or dissimilar to T1. The N400
behaved in a way that was consistent with the view that T2, even when missed, was
processed semantically, mirroring the behavioural results discussed above (Luck et al.

1996).
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across space. Auditory and visual sequences, however, have shared temporal

similarities.

1.5.1 Auditory perceptual organisation

The early work of the Gestalt school of psychology highlighted perceptual
factors that affect the visual and auditory modalities. The notion of visual perceptual
grouping refers to the way in which two or three-dimensional objects behave across
space. Acoustic properties are prone to change over time, rather than space. The
grouping of auditory items through a process termed sequential integration, or

streaming (Bregman, 1990).

1.5.1.1 Streams

Sounds provide the listener with knowledge of happenings in the world around
them. Sounds tend to occur when physical objects are set in motion; these sounds are
carried through some elastic medium (usually air) and transmitted to the ear, which
converts these motions to coded nerve impulses. Many events may occur
simultaneously, however sounds created from one object tend to share acoustic
properties (Bregman, 1993). The acoustic and temporal properties of sound allow the
listener to segregate sounds into objects. This segregation of acoustic events into
different perceptual objects allows the formation of streams.

Perceptual groups are strongly determined by Gestalt configuration properties
such as common fate and exclusive allocation. Common fate relates to the changing of
these events over time, as unrelated events rarely start and stop at the same time
(Bregman, 1993). As temporal changes allow description of auditory events, this
particular property is very valuable. In addition, acoustic events derived from the same
source seldom vary, with any change being very gradual (Bregman, 1993). Bregman
(1990) adds to this the Gestalt idea of exclusive allocation, citing as an example the
visual illusion of the ambiguous vase/faces drawing (Figure 1.9). The image has three
horizontal symmetrically defined areas. The illusion forces the viewer to perceive
either a vase or a face exclusively via the allocation of shape to one representation
whilst inhibiting the other. The viewer can switch between precepts that exist

exclusively and cannot co-exist.
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Figure 1.6: Example of Edgar Rubin’s ambiguous face/vase drawing

An auditory analogue of this illusion was devised by Bregman and Rudnicky
(1975) using a pattern of pure tones. When two target tones with distinct frequencies
were presented in isolation, a judgement as to the order in which they were presented
was very easy. With the introduction of two tones flanking the target items (of
different frequency), the task became much harder. However, with the inclusion of
more tones at the same pitch as the flankers (termed ‘captors’) the task became easy
again. The explanation for this is that the captors bind the flankers into a distinct

stream that becomes exclusively allocated to something other than the target stream.

1.5.1.2 Perceptual organisation and the AAB

The perceptual organisation of sounds is a key concept that requires attention in
any experiment involving auditory materials. However, in previous AAB studies,
these factors have received very little consideration, or at least an explanation for the
types of stimuli used is rarely given. As noted previously, the acoustic nature of the
stimuli will determine the strength of the grouping potential. The AAB utilises an
RAP procedure, rapidly presenting targets and distractors to the listener. Due to the
rapid rate of presentation and the separation of the items, organisational factors will be
of great influence. Due to acoustic similarities, the target items may either group with
one another to form a more coherent unit with the distractor items (e.g. Bregman &

Rudnicky, 1975).
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Studies investigating the AAB can be broadly divided into two groups; those
that promote streaming, by using repeated and cycling distractor tokens (Duncan et al.
1997; Tremblay et al. 2005), and those in which perceptual organisation is not a
consideration (i.e. items are presented randomly). The latter use single alphanumeric
(Arnell & Jolicoeur 1999; Arnell & Larson 2002; Potter et al. 1998) or pure tone
(Mondor, 1998) distractor tokens, in such a way as to be analogous to the visual
paradigm. The presentation of random distractors, although in the same voice, may
not create streams due to a lack of predictability.

The most compelling evidence for the AAB used repeated tokens (‘guh’) as
distractors (Duncan et al. 1997; Tremblay et al., 2005). One explanation for this is that
the repetition of a single item over a short time will result in the perception of one
stream due to acoustic similarity of the acoustic properties of each item. As found by
Bregman and Rudnicky (1975), the introduction of a novel item, a target, is easily
detected, outside the established stream. This is because the difference between
distractor and target is acoustically significant, thus allowing a greater distinction
between the to-be-ignored and the to-be-identified item.

This theory of perceptual organisation has implications for the whole of the
auditory presentation when distractor sequences are ordered. For the VAB, very little
consideration is given to items occurring before T1 (pre-T1 items)', as the role of the
+1 item as a mask is reflected in all theoretical explanation of the VAB. However,
perception of auditory items is highly dependent upon exposure to the previous
sequence of previous items. Auditory streaming exploits the commonalities of
auditory information within the environment, and these commonalities are based on
numerous previous exposures, not simply the items that fall temporally adjacent to
critical task stimuli. What this means is that, for segregation into streams, each
auditory event is processed in relation to the preceding sequence and the percept is
determined in part by the stream. Therefore, the nature of the exposure to auditory
pre-T1 items may well define the nature of the +1 item, thereby modulating its
masking potential. These factors are not considered as critical with respect to
perceptual organisation in the visual domain.

Tremblay et al. (2005) demonstrated this modulation with the presentation of
repeated ‘guh’ distractors and cycling changing ‘guh’, ‘gih’ and ‘gah’ distractors. A
larger AAB was demonstrated with the changing distractors than with the repeated.

! All VAB studies manipulate the number of pre-T1 items however no reporting of differences based
upon this manipulation are reported
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Increasing the number of potential streams from three (one distractor and two targets,
the repeated distractor sequence) to five (three distractors and two targets, the
changing distractor sequence) likely increased perceptual competition thus increasing
masking potential. This may be reflected in a restriction of processing allocation in a

similar way to masking in the visual domain.

1.6 A review of AB studies across and within different modalities

The proliferation of visual AB studies (Chun & Potter, 1995; Enns, Visser,
Kawahara & Di Lollo, 2001; Giesbrecht & Di Lollo, 1999 Raymond et al., 1992;
Shapiro et al., 1994) prompted investigators to examine whether similar attentional
deficits occurred if one or both targets were presented in another modality (Arnell &
Jolicoeur, 1997). The initial question driving AB experimentation in other modalities
was whether similar temporal constraints on information processing existed outside of
the visual modality (Arnell, 2001). If the AB is modality specific then no intra-modal
interactions would be elicited, but an interaction would suggest the AB may result at
least in part from a central ‘bottleneck’ (Amell & Jolicoeur, 1997; Jolicoeur, 1999).
There are now a number of studies in which variants of the RSVP procedure have
been employed in order to examine attentional dynamics across visual and auditory
modalities (Amell & Jolicoeur 1995, 1999; Amell & Larson 2002; , Martens & Ward,
1997, Experiment 1; Potter, Chun, Banks & Muckenhoupt 1998; Shulman & Hsieh,
1995), vision and touch (Soto-Faraco, Spence, Fairbank, Kingstone, Hillstrom &
Shapiro, 2002) and within the auditory modality only (Duncan, Martens & Ward,
1997, Experiment 2; Mondor, 1997; Tremblay, et al., 2005).

1.6.1 Visual-auditory cross-modal AB studies

Potter, Chun, Banks and Muckenhoupt (1998) presented participants with a
stream of alphanumeric items in either the visual or auditory modality. Participants
were separated into two groups: those who have to identify two targets (experimental
group) and those who had to identify just one (control group). Visual items were
presented at a rate of 8.33 item/s whilst auditory items were presented at 7.41 item/s.
The task was to detect letter targets among digit distractors.

A ‘typical’ AB effect was found when both items were presented visually;

however, with items presented in the auditory modality performance did not vary as a
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function of T1-T2 SOA. Overall, performance was lower for the auditory modality,
suggesting participants found the auditory task more difficult. This differential effect
across modalities was replicated with matched presentation rates of 7.41 items/s.

Cross modal effects were also investigated by presenting T1 and T2 in
different modalities within the same sequence. Using the same presentation rates
demonstrated no T1-T2 SOA interactions across modalities, although performance
was very high, c. 90%. Potter et al. (1998) concluded that the AB exclusively occurs
within the visual modality owing to the unique susceptibility of items within the
VSTM, and the relatively short lifespan of items within iconic memory (see section
1.5.2 for further discussion).

Shulman and Hsieh (1995) adopted a similar procedure to that of Potter et al
(1995, 1998) to examine modality interactions. T1 was differentiated from the
distractors by either being of a higher luminescence or pitch dependent upon modality.
The task for T2 was to detect a predetermined letter from the post T1 stream. A
slightly faster presentation rate of 7.95 items/s was used compared to Potter et al
(1995, 1998). Reliable ABs were found in both within-modality conditions and the
crossed auditory condition (an auditory T1 followed by a visual T2). Performance for
the within auditory condition was greatly reduced (difference between experimental
and control conditions was at a maximum of 10%) compared to the within visual and
auditory crossed conditions (largest difference between experimental and control
condition was approximately 20%). No evidence for the AB was obtained in the
visual-auditory condition.

This pattern of results led to the conclusion that the same cross-modal
interactions may elicit similar AB behaviour. However, due to the lack of a visual-
auditory AB and the implementation of a (pitch/luminand) switch between targets, the
data may be describing the reallocation cost inherent in the switch rather than
competition for the same resources (Potter et al., 1998).

The seminal work of Duncan, Martens and Ward (1997) demonstrated different
results using a very different procedure. Their paradigm differed in two main ways.
Firstly, the targets were presented in two offset streams with items overlapping (see
Figures 1.10 & 1.11). Each item was presented for 150 ms with an ISI of 100 ms. The
second stream started 125 ms after the initiation of the first stream. The targets were
consonant-vowel-consonant (c.v.c) words (‘cod’ or ‘cot’ and ‘nab’ or ‘nap’) with the

repeated phonemic syllable ‘guh’ for the auditory sequence and ‘xxx’ for the visual
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were presented with a light emitting diode (LED) configuration in a 3 x 3 display.
Tactile information was conveyed by vibrating pads situated in four corners on one
face of a cube. Targets could be presented in one of the four corners in the LED
display with responses collected by foot pedals. Cross-modal ABs were demonstrated
when visual and tactile targets were presented in a predictable sequence (Experiment
1). The cross-modal factors were implemented in a between subjects design so the
participants would be fully aware of the modality in which the targets would be
presented. However, with target modality fully randomised, robust ABs were

demonstrated for both visual and tactile modalities.

1.6.3 Auditory within-modality studies

Tremblay, Vachon and Jones (2005, Experiment 2) employed a variant of
Duncan et al.’s (1997) paradigm. The same targets and distractor were used, but the
method of presentation differed. Firstly, both targets and distractors were presented in
the same stream, at the same pitch (see Figure 1.6). As with Duncan et al.’s (1997)
paradigm, the order in which the targets were presented was fixed. Each item was
presented for 150 ms, with no ISI. Tremblay et al. added one important experimental
difference relating to the context in which the target items were presented. There were
three contexts: firstly, the targets were presented with no distractors; secondly, (as
with Duncan et al.) the targets were presented within a distractor stream that consisted
of the repeated syllable ‘guh’ (Figure 1.12), and finally the distractor stream contained
three phonemic syllables, ‘guh’, ‘gih’ and ‘gah’ (this sequence was repeated and in a
fixed order, see Figure 1.13). The two targets were separated by four SOAs: 150, 300,
600 and 1350 ms, described here and elsewhere as lags 1, 2, 4 and 9.

Reliable ABs were demonstrated when target items were presented with
distractor items. Performance, when the targets were presented within a context is
dramatically effected at lag 2 reflected by the demonstration of lag 1 sparing. A larger
AB was revealed for the repeated distractor condition.

The modulation in distractor type influenced the context, demonstrating the
effect of perceptual organisation; that is, the way in which the perceptual system
groups the raw elements of sounds (Bregman 1993; discussed in greater depth in
section 1.5.3). In addition, lag 1 sparing was demonstrated, in contrast to the findings

of Duncan et al (1997) (see section 1.6.1 for further discussion).
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(Amell & Jolicoeur, 1999; Potter et al., 1998) and the tasks required for T1 and T2
(Arnell & Jolicoeur, 1999; Arnell & Larson, 2002; Potter et al., 1998). As noted by
Arnell (2001), stimulus presentation rate (SPR) seems to influence the AB in both
vision and audition, although not in a similar manner. An auditory SPR of 7.41 items/s
demonstrated no T1-T2 SOA interaction, however increasing this rate to 8.33 items/s
reverses this trend (Amell & Jolicoeur 1999).

The cross-modal ABs demonstrated by Arnell & Jolicoeur (1995, 1999) may
have been artefactual, arising from imposing a switch in attentional set and task
demands of T1 and T2 (Potter et al., 1998). This switch imposed most demands at
short SOAs: the cost of reconfiguration is too great thus decreasing performance
(Potter et al., 1998). This point was investigated further by keeping the tasks for both
targets the same, as well as randomising the modality of target presentation to reduce
any anticipatory factors (Arnell & Larson, 2002). In addition, lag 1 sparing was only
demonstrated, as with the VAB, when no switch was imposed across targets and with

an ordered context.

1.7 Scope of the current empirical investigation

The relative dearth of empirical evidence concerning the AAB affords a window
of opportunity. The elucidation of a detailed understanding of the visual attentional
pathways allows a firm bed for comparisons to the auditory modality. The work
already carried out on the AAB has also generated a range of questions relating
specifically to the auditory paradigm. Questions concerning the locus of the AB effect
within the auditory modality include whether the AAB performance decrement is
attributed to similar processes to those described for the visual modality. Masking of
the targets has been shown to be necessary for both the visual (e.g. Visser, et al.,
1997) and auditory (Tremblay et al., 2005) AB. However, the nature of auditory
information and events differ qualitatively allowing the manipulation of masking
potential through the auditory scene (Bregman, 1990) by modulating the similarity
and order within the distractors.

Conventionally, AB has been described as a breakdown in a process related to

the transfer of events from a sensory or perceptual encoding stage into short-term
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storage. The serial nature of the process creates a potential for interference either from
confusion in a short-term memory overcrowded with stimuli (e.g., Retrieval
competition theory, Shapiro et al., 1994) or rapid forgetting due to a delay in T2
consolidation before the target is fully processed (e.g., Chun & Potter, 1995). There is
some evidence suggesting that this broad framework may also apply in the case of the
AAB. From a neurological perspective, the intraparietal sulcus (IPS) has been
implicated in both the VAB (Marois, Chun & Gore, 2000) and auditory perceptual
organisation (Cusack, 2005), thereby suggesting a possible link between the
attentional processing occurring in both auditory and visual AB. In addition, the ease
of target detection in an auditory scene can be moderated by the degree of similarity
between targets and distractors (Bregman & Rudnicky, 1978), which is also an
important feature of the boundary conditions for the VAB.

Controversy surrounds the phenomenon of lag 1 sparing within the auditory
domain. Lag 1 sparing, believed to represent the consequence of T2 being presented
directly after T1 without a task-switch (Visser et al., 1999), has only been reliably
demonstrated in one AAB study (Tremblay et al., 2005). Additionally, lag 1 sparing
was only demonstrated when the targets were presented within a structured context
(Tremblay et al., 2005, Exps. 2 & 3) rather than with just targets and a proceeding
mask (Tremblay et al., 2005, Exp. 1). Does a structured context change the perception
of the targets allowing them to be perceived as the same event hence, in relation to the
visual AB, being captured in the same attentional episode (Weichselgartner &
Sperling, 1987)? Moreover, does lag 1 sparing survive certain switches between
targets e.g. attentional or semantic set? The present thesis will attempt to answer these
questions and discuss their relationship to the currently articulated explanations for the
visual AB.

This research could potentially be of interest in applied psychological domains.
The relationship between deficits in the visual AB and neglect (Husain, Shapiro,
Martin & Kennard , 1997), as well as dysphoric mood (Rokke, Arnell, Koch &
Andrews, 2002) and attention deficit hyperactivity disorder (Li, Chen, Lin & Yang,
2005) suggest that at least in principle there is some utility in developing measures of
the AB as a diagnostic tool. Whether this is also true with respect to assessments of
the AAB remains an open question. Somewhat tangentially, the auditory AB may
elucidate the role of attention involved in auditory illusions, for example, the

Glissando illusion (Deutsch, 1995). Perhaps more importantly, questions concerning
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the rapid integration of auditory and visual information have relevance to the designs
of interfaces and environments, such as cockpits, where multiple sources of competing
information need to be assimilated rapidly, and where some sources need to be

prioritised.
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Chapter 2

General methods

The purpose of this chapter is to highlight the procedures common to all of the
empirical series. Any deviation from the procedures described here will be noted in

the methods sections for the individual experiments.

2.1 Participants

All participants were recruited from Cardiff University (method for
reimbursement for participation will be noted in each experiment) and reported
normal or corrected to normal eyesight and hearing. Gender and age range of the
participants will be noted in individual experiments. Informed consent was obtained
before participation and the rights of the participants were protected. In most cases, a
certain number of participants’ data was excluded from the analysis due to very high
levels of performance: the number of participants is stated in the relevant chapter
sections. Data was excluded if performance was at ceiling, which was deemed to have
occurred when the accuracy of judgments in every condition at every SOA exceeded

92%.

2.2 Materials

A male voice was used for all targets and distractors and was recorded
digitally. Care was taken for the sample provider to produce vowels at an even pitch
(using a pure reference tone at 103 Hz). All sounds were recorded at a sample rate of
44,100 Hz with 16-bit resolution and compressed to equal lengths, using Sonic
Foundry’s Sound Forge 5. All stimulus sequences were created in Sonic Foundry’s
Sound Forge 5. Stimuli for Experiments 10A, 10B & 11 were created from digital
vocal recordings of a male voice captured via an Apple microphone and a Power
Macintosh AV computer (these stimuli were kindly provided by Karen Arnell). The

speech was sampled using 16-bit resolution at a sampling rate of 47 kHz, with
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SoundEdit 16 software. All sounds were presented via Sennheiser HD250 liner 11
headphones at approximately 65dB. Experiments were controlled using Cedrus
Superlab Version 2.0. Participants responded by pressing allocated keys upon a
standard keyboard. Random sequences used for generating stimulus sequences were

generated by using a random number generator (www.random.org).

2.3 Procedure

Each trial comprised a rapid auditory presentation (RAP) sequence in which
there were always two targets. There were two attention conditions which every
participant experienced, the control condition in which a response was required for the
second target only, and the experimental condition where two targets necessitated a
response (except for experiments 9A, 9B and 10 which comprised one condition
only). The order of the presentation of the questions referring to the targets was
always the same. Each participant received a practice session consisting of nine
experimental sequence trials in which a response for only the second target was
required. This, however, was not the case for experiments 8A & 8B, which were
designed in order to investigate the effect of practice (See Chapter 4), nor for
Experiments 9, 10A and 10B in which 12 practice trials were employed. A level of >=
75% correct judgments was required for the practice session and if not attained the
practice session was repeated. All sessions commenced with a key-press by the
participant. At the start of each trial a ‘“+” sign was presented, and after a 500ms period
the stimulus sequence was presented followed by the questions pertaining to that
sequence. The participant response was unspeeded but could not be initiated until the
end of the stimulus sequence. The response to the final question on each trial initiated
the next trial. Participants were asked to keep response errors to a minimum. After the
completion of half of the trials, a break (minimum 30s) was imposed. All of the

experiments lasted between 30 and 45 minutes.

2.4 Results

Due to the nature of the data and the use of repeated measures analysis, the
assumption of sphericity was, on occasion, violated (notification to the reader will be
given at these times). The Huynh-Feldt correction was employed where appropriate.
The data were also on occasions differentially distributed around the mean, creating a

positively skewed distribution. When instances of this occurred, the data were
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transformed with a logarithmic function to create a more normal distribution prior to
analysis. The occasions on which this transformation was employed are noted in the

individual experimental chapters.
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Chapter 3

Empirical Series 1: The Auditory Attentional Blink

3.1 Abstract

An initial series of three experiments was designed in order to examine the
influence of perceptual organisation on the auditory attentional blink (AAB). First, it
is shown that an AAB can be obtained (Experiment 1) using different stimuli and
presentation software than that used in one recent study (Tremblay et al. 2005). An
important part of the data in this study is the very high level of performance for all
SOAs in both attention conditions; over 50% of the participants performed at ceiling
(performance above 92% at all levels). However, with the removal of the participants
at ceiling modality specific temporal deficits (the AAB) were evident, replicating the
work of Tremblay et al. 2005. The subsequent experiments within this empirical series
were designed in order to contribute to understanding of the mechanisms responsible
for the attentional blink — as described further in the Introduction below. The principal
manipulation in these studies was of acoustical factors. These acoustical factors relate
to the context (the distractors) in which the targets are presented. It is shown that by
increasing the number of distractor items (from 1 to 3) within the context, processing
deficits comparable to those observed for the visual AB can be obtained (Experiment
1). However, maintaining distractor order is required to produce these effects
(Experiment 2) as a random distractor order removes the AAB effect. The context also
needs to be established through exposure to distractor items before the presentation of

T1 (Experiment 3).
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3.2.1 Introduction

The visual attentional blink (AB) is a robust phenomenon that has been the
subject of more than 30 publications (e.g. Chun & Potter, 1995; Potter et al. 1998;
Raymond et al. 1992; 1994; Shapiro et al. 1995, 1998). In contrast, only a small
number of studies have shown a similar decrement purely within the auditory
modality (Duncan et al. 1997; Mondor, 1998; Tremblay et al. 2005). Although the
findings in these studies have challenged the idea that the AB is purely a visual
phenomenon (Potter et al. 1998) there has been considerable variability in the
paradigms employed. For example, Duncan et al. (1997) and Tremblay et al. (2005)
used similar stimuli but a different method of presentation and obtained different
results. Mondor (1998) used a different methodology again yet found similar results to
Duncan et al. (see section 1.6 for a review of all of these experimental procedures).
The motivation for this series of studies is to obtain evidence for the auditory
attentional blink (AAB) using paradigms based on the work of Tremblay et al. (2005),
and to use this finding as the basis for subsequent studies designed in order to
distinguish between competing theoretical accounts of the attentional blink. A
particular focus will be on the importance of the nature and sequencing of distractor

stimuli that occur before as well as after targets T1 and T2.

3.2.1.1 The AAB paradigm

There are generally two classes of paradigm use to study the AAB. The major
difference between these lies in the arrangement of the distractor items; these have
been presented in either a random (Mondor, 1998) or a non-random order (Duncan et
al. 1997, Tremblay et al. 2005). Although both paradigms can be employed in order to
elicit the AAB, the experiments described here are based in the first instance on the
work of Tremblay et al. because of their use of non-random distractor sequences.
Random distractors place greater attentional demands on the task due to a lack of
predictability. The masking potential of the +1 items, however, is fixed with random
distractors, so the AAB should not change as the distractors (the context) change. By
contrast, according to a streaming account (see Chapter 1, section 1.5), the properties
of the +1 items change according to the nature of the context in which they are
presented (Bregman & Rudnicky, 1975). Items sharing acoustical characteristics (e.g.

a similar onset) are more likely to be considered similar and therefore part of the same
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perceptual unit or stream (Bregman, 1990). Therefore, according to a streaming
account, both +1 items in a repeated distractor sequence (the repetition of a single
distractor token) will be perceived as belonging to the rest of the distractor sequence,
therefore reducing the masking potential in comparison to a random distractor

condition.

3.2.1.2 Initial reports of the AAB

In the first published AAB study (Duncan et al. 1997), the distractor items
were identical. Each item was presented for 150 ms with a 100 ms ISI. The stimuli
were presented in two streams, and each stream contained one target. Temporally
specific decrements were shown and the results were interpreted as an AAB, although
it is hard to say with complete certainty that the effect is not simply due to a reduction
in audibility, rather than a suppression of attentional processing. This is because the
presentation rate of 4 items/s with large ISIs severely reduces the masking potential of
the proceeding item. The two streams were also maximally offset (see Figure 1.5)
resulting in temporal overlapping of the stimuli. This means that the beginning and
end of each stimulus would have been masked by integration, whereas interruption
masking is the norm for the visual modality (Enns et al., 2001; Shapiro et al., 1995;
Visser et al., 1999). Additionally, the task for each target was to identify one of a
target-pair. For example, if T2 was either ‘cod’ or ‘cot’ the difference between the two
lies on the offset of the target, the area that overlaps the preceding item. In addition to
the overlapping of items, pitch distinguished the targets from the distractors (i.e.
distractors presented in a middle pitch with a high pitch T1 and a low pitch T2). This
change in pitch (pitch-shift) has been classified as a switch across attentional set
(Visser et al. 1997), and could therefore potentially contaminate any attentional
deficits caused by processing interactions.

In an attempt to disentangle this apparent AAB from both a reduction in
audibility and a switch cost, in the paradigm used by Tremblay et al. (2005,
Experiment 2, see Figure 1.6) there was a single stream of stimuli. With the use of one
stream a few changes were incorporated; first, the removal of the ISI, and second,
targets and distractors were of the same pitch, therefore reducing any pitch-shift cost.
Presenting the stimuli in one stream and at a faster rate increases the likelihood that
the perceptual system will group similar items together (cohesion: Bregman, 1990). In

an attempt to understand further the processes that affect cohesion, Tremblay et al.
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2005 modulated the context provided by the distractors. As with Duncan et al. (1997),
the repeated distractor ‘guh’ was used as well as a 3-item repeated distractor
consisting of ‘guh’ ‘gih’ and ‘gah’ (hereafter referred to as the changing distractor
condition) and a no distractor condition (only T1 and T2 presented). From a streaming
perspective, the introduction of these differing distractors allows greater modulation
of the context by increasing the likelihood that the distractors will group together,
thereby allowing easier segregation of the targets from the distractors. Tremblay et al.
2005 demonstrated robust AABs (exhibiting lag 1 sparing) when the targets were
presented within a context. In addition, the largest effect was produced with the
repeated distractor condition, thereby highlighting the important influence of the
context.

Mondor (1999) reported an AAB using a methodology comparable to that
used to investigate the visual AB. The targets were embedded within a RAP composed
of random distractors. Targets were differentiated from the distractors by pitch and
timbre. Mondor’s (1999, Experiment 1) data were very similar to those presented by
Duncan et al. (1997)* whereby the correct identification of T2 was at its lowest when
T2 was temporally adjacent to T1. Performance then gradually increased with the
more items that intervened between the two targets.

This asymptotic relationship has been described as evidence for the existence
of the AAB. However, as there was a change in task demands between the two targets,
a reconfiguration cost could have been imposed on participants explaining at least in

part the findings that were obtained.

3.2.1.3 Reducing switch costs

Random and non-random distractor sequences affect differently the listener’s
ability to detect order (Bregman & Campbell, 1971) and random distractors reduce the
ability to remember order. The ability to reconstruct the sequence after listening is
reduced due to a reduction in order cues available to the listener. This is important, as
the AAB requires target order to be preserved. For this reason, paradigms that use
random distractors have had to highlight the targets from the distractor sequence
(Duncan et al. 1997), as in the visual domain (Chun & Potter, 1995; Raymond et al.,
1992). This has been done in two different ways, firstly with the simultaneous

presentation of a tone in one ear with the stimulus stream presented in the other

2 However, Mondor’s (1999) Experiment 2 did show a more traditional, ‘U’ shaped performance curve,
with the T2 +1 item removed, although attenuated.
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(Amell & Larson, 2002), and secondly distinguishing the targets from the distractors
by pitch (Duncan et al. 1997) or timbre (Mondor, 1998). The addition of a concurrent
tone over the target stimuli may initiate a more positive orienting response, which in
some way introduces contamination by either acoustical or attentional artefacts.
Making the targets distinct from the distractors, on the other hand, may impose a
reconfiguration of ‘task-set’. This reconfiguration may reduce the ability to attend
effectively, thus the observed performance decrements may not be directly attributable
to between-task interference (crosstalk: Allport & Wylie, 1999). The use of an ordered

context reduces contamination and increases segregation of targets from distractors.

3.2.1.4 Context: The target-distractor relationship

In the auditory domain, the patterns of the distractors (either random or non-
random) directly affect the context in which the targets are presented (Tremblay et al.
2005). For the production of the AAB, both the target items require masking
(Tremblay et al. 2005). Increasing exposure to the masking item, however (especially
when using non-random distractors), affects the properties of the mask (Massaro,
1976). For example, with a repeated distractor the masking power of both the +1 items
is reduced, as they are more likely to be grouped as to-be-ignored (TBI) due to
exposure to the same item a number of times before the presentation of the targets.
This preattentive segregation (see Chapter 1, section 1.5.1) reduces the attentional
workload and makes it easier to distinguish targets from distractors (Bregman, 1990).
The proper functioning of this system is vital for extracting information from a noisy
environment by grouping acoustically similar sounds (e.g. a voice) into separate
objects. The act of creating streams then reduces perceptual confusion, thereby
allowing greater focus on the attentional mechanisms at work. Therefore, if the
processing of the first target delays the subsequent processing of the second, greater
access to the targets will more accurately chart time-dependent processing deficits.

The three experiments of this series were designed in order to understand the
role of perceptual factors in the AAB, following from the work of Tremblay et al. The
method described by Tremblay et al. 2005 is versatile as it allows manipulation of the
context in which the targets are presented without imposing a switch cost, and close

variants of this approach are employed throughout this thesis.
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3.3 Experiment 1

Experiment 1 utilised the method outlined by Tremblay et al. 2005. All stimuli
were presented in the same stream with a fixed order of target presentation; e.g. the
target ‘Cod’ or ‘Cot’ always preceded “Nab’ or ‘Nap’ . The distractor sequences could
either be homogenous, comprising a repeated ‘Guh’, heterogeneous (changing
distractors) with the repetition of a cyclic set of ‘Guh, ‘Gih’ and ‘Gah’ or empty (no
distractors, only targets are presented). In line with previous AAB experiments, there
were two attentional conditions. The focused attention condition required the
identification of T2 only. The divided attention condition required the identification of
both targets in the correct order.

As with Tremblay et al. (2005), the present experiment was designed in order
to investigate the role of the context in which targets are presented. As already stated,
the nature of the distractors influences the likelihood that they will group together
(Bregman, 1990). As with the work of Tremblay et al., the present experiment will
assume the same predictions in performance based upon the notion of perceptual
organisation, acoustically similar items will tend to group together within streams
(Bregman, 1990; Bregman & Rudnicky, 1975). The AAB should only be present in
those conditions in which the targets are presented in a context. Any differences
between the two distractor-present conditions will reflect the degree to which the
distractor items group together.

The proposed differences between the distractor conditions relate to
consideration of the level of homogeneity between distractor items. The changing
distractor condition should elicit the largest effect (AAB) due to two factors; first, the
fact that increasing the number of different distractor items reduces exposure to each
individual item. The consequence of this is that the masking potential of the context is
increased. The second is the fact that having a larger number of dissimilar items in
each auditory sequence may increase the monitoring required for each sequence. This
increased workload may influence the degree of confusion/competition in auditory
STM (Tremblay et al. 2005). Another way of conceiving of this is that the repeated
distractors will permit easier extraction of the target information as they will group
together because of their similarity, and in combination with the increased (relative)

ease of the task for the repeated distractor condition will result in a smaller AAB than
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in the changing distractor condition. Finally, a no distractor condition acts as a control

whereby no distractor/target interaction can occur.

3.3.1 Method

3.3.1.1 Participants

17 volunteers (11 female), age range from 19 to 26 (mean age = 20.3) were
recruited from Cardiff University; their participation was in exchange for course
credit. Ten participants’ data was excluded from the analysis due to their levels of

performance exceeding pre-defined limits (see General Method section for criteria)

3.3.1.2 Materials

Each trial of the rapid auditory presentation (RAP) comprised auditory samples,
all 130 ms in length. There were no blank (silent) periods between stimuli. Targets
were either ‘Cod’ or Cot’, and “Nab’ or ‘Nap’. The order of target presentation was
always fixed, e.g. if T1 was either ‘Cod’ or Cot’, then T2 would always be either
‘Nab’ or ‘Nap’. Distractor sequences (the context) comprised three separable groups;
repeated (repetition of ‘guh’), changing (cycling ‘guh’, ‘gih’ and ‘guh’) and no
distractor sequences. T2 was presented after T1 at four SOAs; adjacent at 130 ms (lag
1), 260 ms (lag 2), 520 ms (lag 4) and 1170 ms (lag 9). 96 individual sequences were
created, comprising eight trials of each combination of lag (4) and distractor condition
(3). Six distractor items always preceded T1, whilst three items always followed T2.
Timings for the T1-T2 SOAs in the no distractor condition were made equivalent to

the other conditions by the addition of silent periods of appropriate durations.
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3.3.3 Discussion

Experiment 1 showed that the context affects the ability to identify the targets
correctly and, as expected, performance differed most dramatically between
distractor-present and distractor-absent conditions, rather than between the distractor
present conditions. In part, the present experiment replicated the findings of Tremblay
et al. (2005, Experiment 2), although did not demonstrate in the initial ANOVA a
reliable AAB for the repeated distractor condition. The changing and the no distractor
conditions yielded performance patterns that were very similar to those reported by
Tremblay et al. (2005, Experiment 2). The role of the context within the present
experiment was examined through comparisons between the distractor present and
distractor absent conditions and between the two distractor-present conditions. Some
evidence for an AAB was demonstrated for both distractor present conditions;
therefore, one can infer that a context is required to elicit the AAB, in keeping with

conclusions drawn based on findings in the visual modality (Raymond et al., 1992).

3.3.3.1 Context: The T-D relationship

The context in which the target is presented has a great influence upon SOA
dependent interactions. As predicted, participants performed differently depending
upon the T-D relationship with respect to both the type and the presence or absence of
distractors. The difference between the distractor present conditions allows
investigation of perceptual factors, masking and/or streaming, that may influence the
likelihood of target identification. In both the changing and repeated conditions, both
targets were masked by +1 items. However, the masking potential of the +1 item was
modulated due to the properties of the surrounding distractor items. If the role of the
context were simply to mask the targets there would be no difference between
repeated and changing distractor conditions. However, Experiment 1 demonstrated
some differences between distractor conditions, suggesting the way in which the
distractor items behave across conditions directly effects target identification. In this
experiment, however, these claims are tempered by the apparent similarity between
the findings in the two conditions and the lack of statistical power imposed by virtue
of the low number of participants included. These issues are returned to in section

3.6.1.
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From the concept of streaming, presenting the targets within a distractor
sequence allows greater segregation from the irrelevant distractor information
(Bregman & Rudnicky, 1975). Both distractor-present conditions create a pre-target
context by way of the six items occurring before the onset of T1. Establishing this
context allows greater segregation of the targets from the context; the targets are more
likely to ‘pop—out’3 . The number of different items and the order in which they are
presented affects the number of potential streams formed. Sounds come from different
sources, and sounds from the same source tend to share acoustic similarities. This
information is used as one basis for organising stimuli into separate streams,
representing different objects. With just one repeating item, one defined stream is
formed based on acoustic similarity. With three repeating items, the contextual field
becomes denser. With very little exposure, the three items will be defined by their
whole; the participants perceive a repetition of the ‘guh-gih-gah’ sequence. Therefore,
the 3-item percept will be stronger than each individual item. However, after a number
of exposures to the sequence, the items will group together based on similarity,
forming three streams. Increasing the number of streams reduces the ease with which
the targets pop-out, thus increasing difficulty. This account, based on the principles of
auditory segregation (Bregman, 1990), offers to explain why the AAB is more
pronounced in the changing than in the repeated condition, and performance
differences due to these two types of distractor sequence will be returned to in later

sections of this thesis.

3.3.3.2 Lag 1 sparing

The presence of a reliable lag 1 sparing effect is required to demonstrate the
existence of a ‘true’ AB (Chun & Potter, 1995; Potter, et al. 1998; Visser, et al. 1999 —
although see Arnell, 2001 for alternative explanation). The present experiment
demonstrated reliable lag 1 sparing effects for both the distractor-present conditions
(largest in the changing distractor condition). Lag 1 sparing was the major difference
between this study and that of Duncan et al. (1997), demonstrated in the comparable
repeated distractor condition, as described earlier (see section 3.2.3), and possibly due
to a switch imposed in target pitch.

For lag 1 sparing to be demonstrated, it has been shown that the two targets

need to originate from a similar set; that is, if changes in task, category, location or

3 The idea of pop-out refers to the extraction of target information from a sequence in relation to the
non-target items: with no distractor there can be no pop-out.
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modality are enforced then lag 1 sparing is not obtained (Chun & Potter, 1998; Enns et
al., 2001; Visser et al., 1999). From auditory cuing experiments (e.g. Mondor &
Bregman, 1994; Mondor & Lacey, 2001; Schat, Quigley, Aoki, Peachey & Reeves,
1987) a cue of the same frequency and intensity as the target increases identification
accuracy, thus the focusing of auditory attention modulates auditory perception
(Dalton & Lavie, 2004). With no cueing, the no-distractor condition performance at
lag 1 is decreased. One might then assume that T1 and T2 are effectively separate
units hence a reconfiguration (or switch) cost is incurred. An immediate drop in
performance followed by a gradual monotonic recovery as the temporal distance
between targets increases — which is what was obtained in the no-distractor condition -
highlights this reconfiguration cost (Allport & Hsieh, 2001).

In summary, the present study highlights the influence of the distractor items
and the context they provide. The provision of a context has been shown to be vital for
the production of the AAB. The context allows both targets to be perceived as more
similar, allowing capture of both items when presented contiguously and providing
competition for processing resources when presented within the same temporal period
(100 — 400 ms) as the visual AB. Increasing the number of different items in the
distractor sequence (from one to three) results in a larger AAB. Experiment 2 was
designed in order to investigate the influence of order within the distractor item

context by introducing a random distractor sequence.

3.4 Experiment 2

The aim of the present experiment was to understand further the role of
perceptual organisation in the AAB. Specifically, the role the order of distractors plays
in the AAB. This is attempted by the inclusion of a random-distractor sequence along
with the repeated and changing distractor sequences. From Experiment 1, it was
shown that AB like performance could be demonstrated in the auditory domain when
both the targets are masked (i.e. presented within a context). As mentioned in a
previous section (see 3.2.1.1), the masking potential of both the +1 items is modulated
by the context in which they are presented. If, as shown in the previous experiment, it

is merely the presence of distractors and not the order in which they are presented that
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is important for the AAB, then the AAB will be demonstrated in all conditions.
Specifically, if the production of the AAB relies only or primarily on the physical
input of acoustical information after T2 (masking, in relation to Tremblay et al, 2005,
Exp. 1) then no effect of distractor type will occur. However, if the allocation of
perceptual events into streams is important for the AAB, then the AAB will be
affected by whether the order in which the distractors are presented promotes
streaming (repeated and changing) or not (random). The comparison between ordered
and non-ordered distractor sequences thus provides one means of assessing influences
due to masking and streaming.

The random distractor condition presumably creates a dense auditory scene
(Bregman, 1990). That is, the likelihood that T1 and T2 will be preceded by a
different item across trials is increased compared to the relative predictability of the
repeated and changing conditions. A random distractor sequence creates a similar
target context to those in analogous RSVP paradigms (Amell & Jolicoeur, 1995, 1999;
Armell & Larson, 2002; Mondor, 1998).

Interestingly, published AAB studies that have utilised random distractor
presentation have not yielded lag 1 sparing (Arell & Jolicoeur, 1999; Amell &
Larson, 2002; Mondor 1999, Exp. 1). In the present experiment, as in Experiment 1,
there is no pitch or stimulus set switch between T1 and T2. Additionally, the targets
are not contaminated by additional cues to aid capture of the targets, as in the studies
of Arnell & Larson (2002) and Mondor (1999) mentioned earlier (section 1.6).
Therefore, if lag 1 sparing for the auditory modality is similar in its mechanism to the
visual modality, performance at lag 1 should be no different across attention and
distractor conditions. However, if the ways in which sounds are grouped and
segregated somehow promotes lag 1 sparing in the AAB, the removal of order within
the context should remove the lag 1 sparing effect.

The stimulus set from the previous experiment was used and contained the
repeated and changing conditions. The third variant, a random distractor sequence,
used ‘gah’,; ‘geh’, ‘gih’, ‘goh’ and ‘guh’. It was necessary to increase the set size in
order to create a more variable series because a random distractor sequence with only
three distractor tokens has a very high chance of creating a sequence that is similar to
both the repeated and changing conditions. The new stimuli are very similar to the
distractors used previously, the only difference being the middle vowel in each three-

letter string.
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There was an additional methodological change between the present
experiment and Experiment 1 which was the use of only three T1-T2 SOAs; lags 1, 2
and 9. In the previous experiment, it was shown that for the changing distractor
condition the largest performance deficit occurred at lag 2, with performance at lags 1,

4 and 9 being approximately equal.

3.4.1 Method

3.4.1.1 Participants

19 (8 female) students, age range from 18 to 26 (mean = 19.4) from Cardiff
University received a small honorarium in exchange for their participation. Nine
participants’ data was excluded from the analysis due to their levels of performance

exceeding pre-defined limits (see General Methods).

3.4.1.2 Materials

The same stimulus lengths and target orders as Experiment 1 were used, but
the stimulus set was larger. Six distractors items always preceded T1. T2 was
presented after T1 at three SOAs, 130 ms (lagl), 260 ms (lag 2) and 1170 ms (lag 9).
Three distractor conditions were used; repeated (contained only ‘guh’), changing

(‘guh, ‘gih’ and ‘gah’) and random (‘gah’, ‘geh’, ‘gih’, ‘goh’ and ‘guh’).

3.4.1.3 Experimental Design

The experiment consisted of 6 blocks of 72 trials, producing 432 trials in total.

3.4.1.4 Procedure

See General Methods section.

3.4.2 Results

Figure 3.5 shows the likelihood of correctly identifying T2 for both attention

conditions, collapsed across distractor types. The figure shows markedly lower
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